S3
in the software program IGOR Pro (6.06), Wavemetrics, Inc. (OR, USA) using its incorporated root-mean-square minimization routine.
Kinetic simulations. Kinetic simulations were performed with a home-written program that numerically calculates up to 12 consecutive reversible first order reactions and that runs under IGOR Pro (6.06 ). This calculation yields the overall time course of reduction of enzyme intermediate states (defined below), i.e. the total number of electrons per complex I in a particular state. The electronic distribution over the FeS (N1a, N1b, N2, N4) per state was subsequently calculated in a separate program using as input the determined E m,pH6
(FMN/FMNH 2 ) = -259 mV and K stab = 4.5 10 -2 from [5] in order to obtain the midpoint potentials of the FeS centers, and their individual time courses. Specifically, N1a was taken to equilibrate with the FMN/FMNH* redox couple, the other FeS centers with the FMNH*/FMNH 2 redox couple. The simulations were manually iterated until the simulated traces were within experimental error. Given the experimental error in the redox state of the FeS centers (SEM = 0.07) parameter variation analyses yield a variation in E m of ± 10 mV quoted in Table 1 for acceptable fits to the data.
The reaction with NADH comprises three sequential turnovers depicted in Fig. 4 leading to the full reduction of FMN, N2, N1a, N1b, and N4. The simulation includes the half-lives of FMN reduction (19 µs ( for NADH, 5 -10 µM [6] and on k cat = 150 -200 s -1 determined by steady-state measurements [6] [7] .
Synchronization of electron transfer and proton pumping. The turnover rate or k cat = 150 -200 s -1 calculates to τ = 5 -6.7 ms per NADH. The slowest electron transfer with t 1/2 = 1200 µs yields τ = 1.73 ms. This implies τ = 3.5 ms per NADH for steady-state turnover when N2
is reduced as occurs in E. coli in vivo [8] . With respect to the overall rate, the rate of electron transfer is approximately half the total rate, implying that electron transfer and proton transfer/proton pumping rates are very similar. This calculation assumes that Q binding and 
